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The l i n e a r  dimensional contraction of S t e l l i t e  6B due t o  t r a n s -  

formation from the  face-centered cubic t o  the  hexagonal close-packed 

c r y s t a l  s t ruc tu re  was determined on 18 pa r t s  using 91 individual  

measurements. The average contraction and the  standard deviation of 

t he  91 individual  measurements were determined t o  be 0.092% and 

0.042%, r e s  pe e t  ive l y  . 
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INTRODUCTION 
* 

S t e l l i t e  6B i s  a high-temperature cobalt  base a l l o y  which exh ib i t s  

exce l len t  mercury erosion res i s tance  and good mercury corrosion res i s tance .  

Therefore, it w a s  se lec ted  and employed as t h e  reference S W - 8  t u r b i e  r o t o r  

and nozzle mater ia l .  

operating t e q e r a t u r e s  (700-1238OF) t h i s  a l loy,  i n  the  forms employed i n  the  

turbine,  transforms from a face centered cubic (FCC) t o  a hexagonal close 

packed (HCP) c r y s t a l  s t ruc tu re .  

1aborat.oi-y by thermally t r e a t i n g  S t e l l i t e  6B f o r  4 hours a t  1650°F followed 

by 48 hours a t  1250OF. 

contract ion of t h e  mater ia l .  

FCC condition undergo a reduction i n  l i n e a r  dimensions when transformed t o  t h e  

HCP condition. To determine the  extent of t h i s  contract ion and i t s  e f f e c t  

on drawing tolerance requirements, various samples and ac tua l  p a r t s  were 

dimensionally inspected before and a f t e r  t he  transformation aad t,he data were 

analyzed s t a t i s t i c a l l y .  

It w a s  subsequently determined t h a t  a t  t h e  turb ine  

This transformation w a s  produced i n  t h e  

The change in  s t ruc tu re  i s  accompanied by a volumetric 

Therefore, machined p a r t s  of S t e l l i t e  6B i n  t h e  

TEST PROCEDURE AND RESULTS 

Various laboratory samples prepared from forgings and bar stock, and 

thir ty-seven a c t u a l  TA p a r t s  were transformed using the laboratory thermal 

treatrnent (see Table I). Ninety-one individual  l i n e a r  dimensional measurements 

were made before and after t r a n s f o r m t i o n  on eighteen of t h e  p ieces .  The 

number of dimensions obtained on each p iece  was dependent on t h e  configuration 

a t  t h e  p a r t  being inspected. 

narrow rectangular specimens and only the  longest dimension w a s  inspected i n  

two loca t ions .  On a c t u a l  c i r c u l a r  p a r t s ,  however, several  dimensions a t  

d i f f e r e n t  c i rcumferent ia l  locat ions around t h e  periphery of t h e  pieces  were 

obtained. The ca lcu la ted  average contraction and standard deviation were 

0.092 and 0.042%, respec t ive ly  (see Table I1 and Figure 1). 

data and on the assumption t h a t  a normal d i s t r i b u t i o n  ex is t s ,  t he re  i s  a 99% 
p r o b a b i l i t y  that 99% of t h e  measured contract ions due t o  t h e  crystal lographic  

The laboratory samples were pr imar i ly  thin,  

Based on these  
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transformation of S t e l l i t e  6B  w i l l  f a l l  between 0% and 0.223% (see Figure 2) .  

Based on a p l o t  of t h e  individual data points  (Figure 1) the  assumption 

of normal d i s t r i b u t i o n  i s  e s s e n t i a l l y  t rue,  but t h e  curve stops at 0% 

contraction because of the  physical impossibi l i ty  of growth occurring during the  

transformation from FCC t o  HCP. 

s t ruc ture  forms from rearrangement o f  the  same number of atoms as t h e  o r i g i n a l  

FCC s t ruc ture  but i n  a more dense population or smaller interatomic spacing 

pa t te rn .  

metal. 

e x i s t s  between specimens than within individual specimens. This i s  demonstrated 

by t h e  standard deviations of 0.030% and 0.075% f o r  v a r i a b i l i t y  within and 

between specimens respectively,  and by the  6.4 F r a t i o  obtained. 

t h i s  la rge  would be obtained l e s s  than one time i n  a thousand if t h e  specimens 

were a l l  being randomly selected from a homogeneous population. The la rge  

var ia t ion  i n  contractiorq both within and between specimens, remains unexplained 

a t  present.  However, it i s  thought that anisotropy and possibly res idua l  

s t r e s s  pa t te rns  may influence the  dimer-sional changes which occur. 

l i t e r a t u r e  indicates  invest igators  have found that the  l i n e a r  contraction of 

pure cobalt  due t o  transformation l i e s  between 0.08 and 0.12%. 

wide var ia t ion  a l s o  has not been explained but it has been theorized that 

anisotropy and impurit ies may influence the  contraction. 

This impossibi l i ty  e x i s t s  because t h e  HCP 

The more densely packed atoms cannot produce a la rger  volume of 

The data  (Table 11) indicate  t h a t  a s i g n i f i c a n t l y  grea te r  var ia t ion  

An F r a t i o  

The 

This r e l a t i v e l y  

CONCLUSIONS 

1. The crystallographic t r a n s f o r m t i o n  of S t e l l i t e  6B from a FCC t o  a 

HCP c r y s t a l  s t ruc ture  i s  accompanied by a volumetric contraction of the  a l loy .  

2. The mean l i n e a r  contraction and standard deviation on data from 

18 specimens a r e  0.092% and 0.042$, respectively.  

3. There i s  a s i g n i f i c a n t l y  g r e a t e r  var ia t ion i n  contraction between 

specimens than within individual specimens. 

4. The a c t u a l  amount of contraction which w i l l  occur on a s p e c i f i c  

p a r t  cannot be predicted with enough accuracy t o  permit t h e  t r a n s f o r m t i o n  

t o  be performed on a f i n i s h  machined p a r t  f o r  the turbine unless wider than 

present ly  desirable  tolerances are allowed. 
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RECOMMENRAT I O N S  

1. S t e l l i t e  6B p a r t s  should be transformed t o  t h e  HCP condition p r i o r  

t o  the f i n a l  machining operation whenever possible  t o  eliminate t h e  e f f e c t  of 

contraction v a r i a b i l i t y  on pa r t  tolerance.  

2. The an t ic ipa ted  range of l i n e a r  contraction, 0.000% t o  O.223$, 
should be examined i n  r e l a t i o n  t o  specif ic  p a r t s  which have been f i n i s h  machined 

p r i o r  t o  t h e  t r a n s f o r m t i o n  t o  the HCP condition t o  determine i f  t h e  an t ic ipa ted  

contraction i s  acceptable. 

3. Further dimensional contraction data i n  three  axes should be 

obtailled on S t e l l i t e  6B p a r t s  which are t o  be transformed. 

the  s t a t i s t i c a l  understanding of the phenomena and could indicate  i f  anisotropy 

oontributes t o  the  var ia t ion  i n  contraction. 

This w i l l  improve 
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Fig. 2. Probabr'lrfy of I ' n d i v ; d d  C o v f  r u t i o n s  
fu/ i~ng (A) ith rn spec i f rc  to l erances ,  
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